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ABSTRACT OF THE DISCLOSURE

A relay is provided with a silicon controlled rectifier
or similar electronic discharge device which is temporarily
fired during the relay contact closure period to-effective-
ly eliminate bounce and contact arcing. The temporary
firing can be effected by a capactior or inductor energized
as the relay coil is energized from the D-C current
source.
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This invention relates to switching circuits and more
particularly it relates to electronic circuits employing re-
lay contact closures.

Employment of relay switching circuits has, in the past,
been restricted to those applications which are not
sensitive to contact bounce. Thus, switching relay circuits
have limited usage in digital logic systems, for example.

Furthermore, it takes such a long finite time delay for
relay contacts to close after energization of the magnet
coil, that in many cases relays cannot meet the desired
switching speed requirements.

However, the most serious shortcoming of relay con-
tact switching circuits is limited reliable life, mostly at-
tributed to pitting and wear of contacts. Contact bounce
contributes significantly to a shortened contact life by
permitting excessive arcing with resulting erosion and
probable erroneous operation. In this respect, armatures
and contact areas have been ruggedized resulting in far
bigger and far slower relays than otherwise required for
a particular application.

Employment of fast closing solid state electronic de-
vices such as tranmsistors rather than relay contacts in
switching circuits has thus taken place. However, in
many cases, where high currents are encountered, tran-
sistor circuits become impractical in terms of power dis-
sipation' and the methods of cooling that are required.
Also, high current carrying switching devices such as
silicon controled rectifiers, while they may be switched
on quickly, require complex switch-off circnits since after
discharge the trigger electrode loses control. Thus it is,
in many cases, economical and desirable to employ re-
lay contact switching circuits if the above-mentioned
problems can be overcome. '

A particular advantage in using relay switching circuits
is the complete circuit isolation -of the contact circuits
from the control winding circuits, as contrasted with semi-
conductor circuits wherein a control or trigger electrode
is not completely isolated from the discharge path.

Thus, it is a general objective of this invention to
provide an improved high-speed, high-current switching
circuit, '

Another object of the invention is to provide a relay
switching circuit with high current capacity while elimi-
nating contact bounce effects.

A further object of the invention is to provide a high-
current capacity relay contact circuit which switches in-
stantaneously.

A still further object of the invention is to employ
a high-current switching circuit completely isolating the
load circuit from the switching control circuit.

Yet another object of the invention is to provide a
small relay with high current carrying capacity.
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Therefore, in accordance with this invention, a relay
is employed with an auxiliary circuit shunting the current
carrying contacts to cure deficiencies in closing time and
bounce. This permits a small fast inexpesive relay to be
employed for instantaneously switching very high cur-
rents,

The shunting circuit comprises a discharge device which
discharges responsive to application of a closure current
to the relay coil and thereafter carries the contact cur-
rent temporarily when the contacts bounce. An auxiliary
relay coil is used to trigger the discharge device into
conduction when the coil is energized to permit isolation
of the auxiliary circuit in the current carrying circuit
of the relay contacts, thereby preserving the isolation
quality of a relay circuit.

These and other features and advantages of the inven-
tion will be described in a more detailed description re-
ferring to the accompanying drawing, in which:

FIGURE 1 is a schematic circuit diagram of an em-
bodiment of the invention,

FIGURE 2 is a waveform chart
tion of the invention, and

FIGURES 3 and 4 are diagrammatic examples of re-
lays operable in accordance with the invention,

The embodiment of FIGURE 1 has a relay with en-
ergizing coil 6 operating to close contacts 7 and 8 to
comnect a load such as resistor 5 at output terminal 9
with the direct current source at terminal 10. When coil
6 is energized with a pulse waveform as shown at 11
in FIGURE 2, the contacts will tend close at 12 after
a delay, but will continue to bounce and reopen at 13,
etc. for several cycles,

However, the idealized waveform 14 is attained by use
of an auxiliary discharge circuit 15 coupled across con-
tacts 7 and 8. Auxiliary trigger winding 16 is inductively
coupled with operating coil 6 in such sense that the sili-
con controlled rectifier (SCR) 17 is discharged via its
trigger electrode 18. The SCR operates as an open cir-
cuit when coupled across a direct current source, until
“Fired” by a trigger potential. Thereafter, it remains con-
ductive until extinguished by reducing current below a
threshold value such as by short circuiting the discharge
path. Thus, as seen on waveform 14, when the coil 6 is
energized (11), the discharge path of SCR 17 is in-
stantaneously coupled across contacts 7 and 8 through
discharge diode 19 to carry the full load current until
the contacts initially close (12).

While the contacts 7, 8 are open, discharge sustain-
ing capacitor 20 fully charges from source terminal 10
through charging diode 21. Thus, as the contacts 7, 8§
close (12), the storage facility of capacitor 20 through
Tesistor 22 provides sustaining current to the SCR 17
to prevent its extinction for a time period (CR), such as
ten milliseconds, extending over the expected duration of
the contact bounce period. Thus, each time the contacts
etc.) the SCR carries substantially
the entire load current as shown by the serrations in
waveform 14. :

It is evident, therefore, that the circuit operates in-
stantaneously and without any contact bounce effect.
Since the SCR 17 only is used during the energization
period, intermittently, it need have little power dissipation
capacity for handling large instantaneous currents, Simi-
larly, the relay and contacts need be of only nominal
size, since pitting and arcing of contacts is completely
eliminated, Also, the relay contacts serve automatically
to extinguish the SCR 17, so that the advantages of
both devices are retained without the disadvantages of
either. Note also that the load circuit is completely iso-
lated from energizing coil 6 by the floating circuit con-
nections of trigger winding 16. This coil is connected in

illustrating the opera-



3,339,110

proper polarity to trigger SCR 17 only when the coil is
energized, so that deenergization occurs instantaneously
when the relay contacts are initially reopened. At that
time there is no bounce, and capacitor 20 recharges for
another operating cycle. :

As may be seen from FIGURE 3, even a small reed
type magnetic contact set 25 may be used to carry €x-
ceptionally high current capacity in high speed switching
cireuits or logic applications where contact bounce might
otherwise be intolerable.

FIGURE 4 illustrates the manner of adapting a con-
ventional relay with an auxiliary coil 16’ to operate in
accordance with the teachings of this invention. In each
case the complete contact isolation is maintained by the
use of an inductively coupled trigger coil so that the
switching . circuit is not conductively coupled to other
circuits by resistive paths such as encountered when
using a SCR or transistor directly, for example.

Accordingly, it is evident that the present invention
provides an unique switching circuit with superior per-
formance characteristics, wherein features of novelty are
defined with particularity in the following claims.

I claim:

1. A switching circuit comprising in combination, a
relay having a pair of contacts and an energizing coil
for closing the contacts, a semiconductor discharge de-
vice having an unidirectional discharge path and a dis-
charge trigger electrode, a coupling circuit between the
energizing  coil and the trigger electrode coupled  for
conveying a trigger potential of the requisite polarity to
establish a discharge in the device when said coil is en-
ergized, a discharge sustaining circuit coupling said dis-
charge path across said set of contacts to provide dis-
charge current when said contacts are open, a load de-
vice, and a direct current source coupled to the load de-
vice and said contacts wherein the coupling circuit com-
prises an auxiliary coil inductively coupled to said en-
ergizing coil.
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2. A switching circuit comprising in combination, a re-
lay having a pair of contacts and an energizing coil for
closing the contacts, a semiconductor discharge device
having a unidirectional discharge path and a discharge
trigger electrode, a coupling circuit between the energiz-
ing coil and the trigger electrode coupled for conveying
a trigger potential of the requisite polarity to establish
a discharge in the device when said coil is energized, a
discharge sustaining circuit coupling said discharge path
across said set of contacts to provide discharge current
when said contacts are open, a load device, and a direct
current source coupled to the load device and said con-
tacts, wherein the discharge sustaining circuit comprises
a capacitor connected between the contacts to thereby be-
come charged from said source when the contacts are
opened, and a resistor coupling said discharge path to
said capacitor to provide a time comstant sufficient to
provide discharge sustaining current to said device over
the normal bounce period of said relay.

3. A circuit as defined in claim 3, wherein one diode
is coupled serially with said capacitor between the con-
tacts and a further diode connects said discharge path
across said contacts.
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